This paper reports the development of a platform for tracking and analysis of animal locomotion. The platform is composed of a commercial webcam, a metal stand for the webcam, and a plastic bathtub as a cage. Using it, researchers can track and analyze an animal's movement within the plastic bathtub's dimensions of 100 cm ×100 cm×55 cm in a cost-effective manner. After recording the locomotion of an animal with 1920×1080 resolution at a rate of 30 frames per second, finding the position of the animal in each frame and analyzing the ambulation pattern were executed with custom software. To evaluate the performance of the platform, movements of imprinting control region mice and transgenic mice were recorded and analyzed. The analysis successfully compared velocity, moving pattern, and total moving distance for the two mouse groups. In addition, the developed platform can be used not only in simple motion analysis but also in various experimental conditions, such as a water maze, by easy customization of the platform. Such a simple and cost-effective platform yields a powerful tool for animal ambulatory analysis.
INTRODUCTION
In biological and medical research, researchers have developed tremendous animal models to investigate disease and to evaluate the effectiveness of medicines at the pre-clinical level [1, 2] .
Among various kinds of animal experiments, analysis of animal ambulation plays an important role, especially in studying motionrelated problems such as brain-and inner ear-related diseases.
Neuroscientists utilize animal models for studying animal learning, memory function, and behavioral phenotypes [3] [4] [5] .
Some neurological disorders, such as Alzheimer's disease and Parkinson's disease, cause deficits in cognitive function and motor function by destroying neurons in the brain [6, 7] . Animal behavior analysis systems have been used to find the mechanism of and treatment for these diseases [8, 9] by comparing changes in animals' motion between test and control groups.
However, commercially available systems for animal ambulatory analysis are very expensive and difficult to customize.
To overcome this limitation, some investigators have developed their own systems for recording animal behavior by utilizing video camcorders or the built-in cameras of smartphones and tablet PCs [8] [9] [10] [11] . However, they have faced difficulties in measuring moving pattern, velocity, and total moving distance.
Some have even tried to track animal movement manually by drawing the pathway of animals on a transparent film with a pen after putting the film on the screen of a tablet PC or display. These 1 results are clearly not accurate or reliable. This paper proposes a cost-effective platform that records and analyzes animal ambulation with a webcam. The concept for the platform is shown in Fig. 1 . At the bottom of the platform is a plastic bathtub in which animals can be placed. On the top of the bathtub, a stainless-steel stand is positioned to keep an appropriate distance between the bottom of the bath and the webcam to allow the webcam to view the entire bottom plane of the bath. Finally, a webcam is put at the top of the stand to build the complete system, as shown in Fig. 1 . The image is recorded and analyzed using a laptop computer connected to the webcam. In the present work, we compared the movement of mice in two different groups in terms of velocity, moving pattern, and total moving distance.
With the proposed system, measuring special parameters or building a customized maze is relatively simple, which can offer better tools for researchers who use animal ambulation as the basis for their experiments. 
EXPERIMENTAL

System composition
Analysis software
Image processing
Each frame of the captured video is mapped to a 1920×1080 ×3. Each element of the matrix has a value that represents the brightness of three primary colors (red, green, and blue) at the corresponding pixel of the frame. Each frame was converted to a black-and-white image by applying a simple binary thresholding technique after grayscale conversion of the frame. 
Experimental animals
The system can analyze any small animal, but we analyzed mice ambulation to simplify our evaluation. Mice are used widely in biological and medical studies since they are cheap and easy to 
RESULTS
CONCLUSIONS AND DISCUSSION
In this study, we built a platform for the tracking and analysis of animal locomotion with a commercial webcam, metal stand, and plastic bathtub used as a cage. We also developed a program for analyzing the recorded video. This very simple motionanalysis platform is a promising apparatus for researchers who monitor animals' movement. Any experiments that can be performed within the plastic bathtub's dimensions of 100 cm ×100 cm × 55 cm in a cost-effective manner. Video can be recorded with a maximum resolution of 1920 × 1080 at a rate of 30 fps. After recording, the analysis code finds the position of the animal in each frame and calculates the velocity, total distance of movement, and ambulatory pattern. There are a few commercial systems designed for the ambulatory study, but they are generally very expensive (about $20,000-$30,000). Our system costs approximately two hundred dollars for a webcam and a water bath.
The system was evaluated with two mouse groups: ICR and transgenic mice. Differences in velocity, moving pattern, and total distance were found between the two mouse groups. However, the statistical power of the test is limited since we did not use a sufficient number of mice.
Various animal ambulatory tests can be performed with the system we developed. General open-field tests and water maze tests were successfully performed with the system. Since the developed system can be configured easily by users, researchers can design or customize animal ambulatory tests freely. Testing multiple animals simultaneously is also possible with simple color-coding of animals, since the video is recorded in color. This promises that the system can be used not only in ambulatory studies but also in animal relationship studies.
